INTRODUCTION
============

High systemic arterial blood pressure (BP) is a physiological change associated with a large number of chronic diseases, being one of the most important causes of cardiovascular problems and responsible for at least 45.0% of deaths due to heart disease and 51.0% of deaths due to stroke in 2008[@B25].

The literature has evidence that individual demographic and socioeconomic characteristics are associated with high BP[@B25]. Most recently, studies have gone beyond individual factors and have shown that the place where people live is associated with several health outcomes, including BP[@B3] ^,^ [@B6] ^,^ [@B14].

These studies have reported that neighborhood walkability, availability of recreational and leisure services, social cohesion, and perceived safety from crime are some determinants of hypertensive risk[@B6] ^,^ [@B14]. In addition, a growing -- although still incipient and reduced -- body of evidence suggests the influence of the neighborhood socioeconomic condition on hypertension[@B1] ^,^ [@B3].

The hypotheses that relate the influence of the place of residence on health and more specifically on BP involve several aspects. Social features, in which neighborhoods with higher levels of crime, unsafe housing, and non-permanent jobs contribute to constant fear, stress, and victimization with biological impact and modification on the sympathetic nervous system activity and hormones such as cortisol[@B1] ^,^ [@B4] ^,^ [@B23]. Also, physical characteristics and infrastructure (as the availability of places for physical activity and food purchase) may cause elevation of BP. In addition, lower educational levels of the place of residence promotes the culture of knowledge and less healthy habits related to diet, physical activity, and use of health services, increasing the risk of developing hypertension[@B1].

The analysis of the published literature on the influence of the neighborhood on BP has some limitations. First of all, most articles are carried out exclusively in high-income countries[@B6] ^,^ [@B12] ^,^ [@B14] ^,^ [@B21]. Moreover, the focus of most publications is on adults, with a few of them analyzing together -- but not stratifying by age -- data from older adults. This population group is of particular interest since BP tends to increase with age and the influence of the neighborhood context on BP among older people requires further investigation[@B6] ^,^ [@B9] ^,^ [@B10] ^,^ [@B15] ^,^ [@B21]. Finally, studies on hypertension in older people frequently use an indirect measure of BP, such as self-reported data[@B12] ^,^ [@B16].

The aim of this study was to test if neighborhood socioeconomic status is associated with systolic BP (SBP) and hypertension in older adults.

METHODS
=======

A cross-sectional population-based study was carried out in Florianopolis, the capital of the Southern Brazilian state of Santa Catarina. The city had a Human Development Index of 0.847 in 2010, ranking third among all Brazilian cities, and the highest *per capita* household income mean among the country's capitals (R\$1,573.00)[^a^](#fna){ref-type="fn"} ^,^ [^b^](#fnb){ref-type="fn"}. Furthermore, 11.5% of the population, according to the 2010 census, are older adults[^c^](#fnc){ref-type="fn"}.

The studied population consisted of non-institutionalized older people (60 years and older) of both sexes living in the urban area of the city between 2009 and 2010.

To calculate the sample size, the following parameters were considered: sampling error equal to 4 percentage points, expected prevalence of 50.0% (used to obtain the largest sample size), design effect of 2, and confidence interval of 95%. An over-sample of 20.0% was added considering estimated losses and 15.0% for control of confounders, resulting in a sample of 1,599 people. Several outcomes were investigated in this survey and the final sample after estimation for all of them was 1,911 people.

Cluster sampling was used to select the study sample. Census tracts (n = 420) were considered the primary sampling units, and the households were the secondary sampling units. The census tracts were stratified into deciles according to the average income of the head of the household. Eight census tracts were drawn in each decile to accommodate all income levels. As the last IBGE census took place nine years before the study, after the draw of the 80 census tracts, it was necessary to count all of the households in each sector. To reduce the coefficient of variation in the number of households per sector, making it more homogeneous, some of them were grouped and others were split, respecting the corresponding income decile. These changes were performed prior to data collection, when the supervisors of the study searched each of the selected tracts for research and counted all the occupied households, with the help of IBGE maps and images downloaded from Google Maps and Google Earth. This whole procedure followed the proposed rules by the IBGE and was accompanied by sampling specialists; also, this procedure was duly registered (allowing the reproducibility) and guided by clear and predefined criteria (avoiding subjectivity and bias). Finally, around 60 households were systematically drawn in each one of the 83 final census tracts.

The field team consisted of 20 female interviewers. All of them were educated above high school level. The interviewers were trained before the fieldwork and participated in the pilot study, carried out with older people living in census tracts not included in the sample.

Interviews were conducted using personal digital assistants (PDA) between the second half of 2009 and the first half of 2010. Data were collected via individual interviews using a structured questionnaire.

All older residents in the selected households were invited to participate in the study. Losses were considered when it was not possible to carry out the interviews after four attempts (including at night and on weekends).

To ensure the quality of the data, data consistency was checked weekly and inconsistencies were corrected. For quality control purposes, we randomly selected 10.0% of the interviews for the application of a brief questionnaire with key questions via telephone.

In this study, hypertension was assessed in two ways. First, older adults were considered hypertensive if they had SBP ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg^2^, or both. Second, those who reported using antihypertensive medication or whose SBP was ≥ 140 mmHg or DBP was ≥ 90 mmHg were considered hypertensive.

To measure BP, the participant had been at rest for at least five minutes, in a calm environment, with an empty bladder, had not performed exercise, smoked or ingested food, coffee or alcoholic beverages 60 to 90 minutes before the interview. Finally, the interviewee could not talk during the measurement. Systolic and diastolic BP were measured once on each arm, using electronic digital reading devices (Techline Z-40 model) (Techline, Taiwan, China). For the analysis, the means of SBP and DPB were calculated for each arm and the final pressure level average of the arm with the highest value was considered.

All subjects were asked about medications taken in the previous 30 days. Active substances and indication of use of each medicine were identified and analyzed according to the Anatomical Therapeutic Chemical (ATC), established by the WHO Collaborating Center for Drug Statistics Methodology[@B24].

The contextual variable used was the mean years of schooling of the head of the household in each census tract. Data were collected from the 2000 Brazilian census. The variable was divided into three categories: ≤ 8, 9-11, and ≥ 12 years of schooling.

Individual demographic and socioeconomic explanatory variables were gender, age (60-69 years; 70 or more), education (≤ 8; 9-11; ≥ 12 years of study) and equalized household income (divided into tertiles). These variables were collected via interviews. Gender was seen by the interviewer, age was calculated from the date of birth, education was obtained in full years of study, and equalized *per capita* household income was calculated by dividing the household income by the number of dependent household income squared.

Data analysis was conducted in Stata 13.1 statistical software (Stata Corp., College Station, USA) and included the sample description, the distribution of mean SBP, odds of hypertension, and the 95% confidence intervals (95%CI), according to contextual and individual variables.

We carried out multilevel logistic and linear regression, since the outcome (hypertension) was analyzed as dichotomous (two different outcomes, one considering only SBP and DBP and the other considering medication use) and continuous variables (analyzing the mean of SBP). The analyses followed a theoretical model, in which each variable was included in one of the different models presented after literature review. Analyses of variance were observed in the different models to verify whether they were explaining the variation of the outcome well. In both analyses, a hierarchical model with two levels, the individual (level 1) and contextual income (level 2), was employed. The multivariate analysis was fitted with four models using a forward procedure of regression analyses: empty model (without covariates), model 1 (included only contextual education), model 2 (demographic variables including gender and age), and model 3 (included the individual income and education variables).

The full multilevel model used in the linear regression was:

![](0034-8910-rsp-S1518-87872016050006595-e1.jpg)

Where B~0j~ = γ~00~ + γ ~0j~\*W~j~ + u~0j~; B~ij~ = γ ~i0~+ γ ~i1~\*W~j~ + u~1j~

In the equation, Yi is the outcome, in this case the average SBP, and B~0~ is the intercept. The explanatory variables at the individual level are indicated by the variables Xij and the contextual level is denoted by Wj. The variable "u" refers to the random effect and "e" refers to the residues of the equation.

The intra-class correlation (ICC) of the multilevel linear regression was calculated as follows: level 2 variance / (level 2 variance + level 1 variance).

In the multilevel logistic regression model, the ICC was defined as: level 2 variance / level 2 variance + (π\^2/3). In both cases, the ICC provides an estimate of the total variance in BP or hypertension prevalence that can be attributed to differences among the neighborhoods. In linear regression analyses, the intercept with the mean of BP and fixed and random effects were calculated and presented for each model. In logistic regression analyses, random effects were presented. Confidence intervals (95%CI) are reported in the tables and effect measurements were compared with their reference categories. Interaction between individual and contextual socioeconomic variables was performed.

Regarding the study power, the calculation in multilevel analysis is complex and still is object of study. Snijders[@B20] points out that the number of sectors is more important than the number of individuals in each of them. In the study EpiFloripa, we have 83 census tracts, numbering more than 50, considered to be acceptable to estimate different parameters in multilevel analyses. Also, it was estimated the effect design for the cluster samples to be small, ranging from 1.48 to 2.08.

The project was approved by the Ethics Committee of Research with Human Beings of the Universidade Federal de Santa Catarina (Process 352/2008, December 23, 2008). Respondents were asked to sign an informed consent form before the interview.

RESULTS
=======

The final sample consisted of 1,705 older adults (response rate of 89.2%). Most participants were women and reported having eight years or less of study. The average age was 70.7 years (SD = 8.0 years). Regarding the area-level education, the average years of study of the householder was between nine and eleven in most census tracts (43.2%). The description of the whole sample can be seen in [Table 1](#t1){ref-type="table"}.

Table 1Characteristics of the older population studied. Florianopolis, SC, Southern Brazil, 2009-2010.Characteristic Systolic BP (mmHg)Diastolic BP (mmHg)High BP^a^High BP^b^ n%meanSDmeanSD%95%CI%95%CIIndividual level          Age (years)          60-6985450.1137.319.683.312.064.160.0--68.276.472.9--79.6≥ 7085149.9139.821.380.412.864.360.1--68.485.282.6--87.6Gender          Male61636.1140.320.584.512.968.864.1--73.284.180.5--87.1Female1,08963.9137.520.480.412.061.657.8--65.378.976.0--81.6Education (years of schooling)          ≥ 1239423.3137.518.382.811.765.459.0--71.179.674.6--83.99-1123413.8135.617.981.411.958.549.7--66.775.668.7--81.8≤ 81,06662.9139.621.881.612.965.161.5--68.882.579.7--84.9Equalized household income          Higher tertile56933.4139.722.581.513.363.558.1--68.480.976.8--84.3Intermediary tertile56833.3138.919.582.311.566.861.8--71.682.178.4--85.6Lower tertile56833.3137.019.381.912.762.457.0--67.479.375.3--83.0Contextual level (census tracts, n = 83)          Area-level education (mean years of schooling)          ≥ 1248828.6136.018.580.712.357.651.7--63.678.373.9--82.49-1173643.2139.020.382.612.165.360.9--69.780.977.3--83.9≤ 848128.2140.422.482.013.269.364.0--74.283.279.0--86.6[^3][^4][^5]

The average SBP and DBP was 138.5 (SD = 20.5) mmHg and 81.9 (SD = 12.5) mmHg, respectively. Higher prevalence of hypertension was found in males (68.8% and 84.1%, depending on the diagnostic criteria) and no difference in the outcome was found according to individual schooling and income. The prevalence of hypertension was higher among those who lived in areas with lower levels of schooling ([Table 1](#t1){ref-type="table"}).

[Table 2](#t2){ref-type="table"} shows the results of the multilevel linear regression models. It was observed in the fully adjusted model that the between-group variance corresponded to 2.7% of the total variance. Even after adjusting for individual characteristics, area-level education was inversely associated with the average values of BP. In the fully adjusted model, the SBP was 3.97 mmHg (95%CI 0.50--7.44) higher among residents of low-education neighborhoods.

Table 2Multivariate models of multilevel linear regression for systolic blood pressure in population ≥ 60 years old, city of Florianopolis, SC, Southern Brazil, 2009-2010.VariableEmpty modelModel 1Model 2Model 3Coefficient (95%CI)Coefficient (95%CI)Coefficient (95%CI)Coefficient (95%CI)Fixed effects    Intercept (mean of BP)138.5 (137.3--139.8)136.0 (133.8--138.2)136.2 (133.4--139.0)136.3 (133.2--139.4)Contextual level (census tracts, n = 83)    Area-level education (mean years of schooling)    ≥ 12 ReferenceReferenceReference9-11 3.02 (0.13--5.90)\*3.13 (0.21--6.04)\*2.74 (-0.29--5.76)≤ 8 4.45 (1.25--7.63)\*4.63 (1.40--7.85)\*3.97 (0.50--7.44)\*Age (years)    60-69  ReferenceReference≥ 70  2.92 (0.97--4.87)\*2.75 (0.75--4.75)\*Gender    Male  ReferenceReferenceFemale  -2.73 (-4.75---0.71)\*-2.74 (-4.80---0.68)\*Education (years of schooling)    ≥ 12   Reference9-11   -2.21 (-5.61--1,19)0-8   0.18 (-2.71--3.05)Equalized household income    Higher tertile   ReferenceIntermediary tertile   0.71 (-1.90--3.31)Lower tertile   0.99 (-1.76--3.75)Random effects    Level-two variance13.410.811.611.3Level-one variance408.4408.4404.8406.4ICC3.182.582.792.70[^6][^7]

Logistic regression showed similar results, with an increase in the odds of hypertension in the categories with lower area-level education ([Table 3](#t3){ref-type="table"}). These odds were 1.76 times higher (95%CI 1.23--2.51) among those who lived in low-education areas. By analyzing the values of ICC, it can be observed that the variance between groups represented 3.06% of the total variable in the final analyzed model.

Table 3Multivariate models of multilevel logistic regression for high blood pressure in population ≥ 60 years old, city of Florianopolis, SC, Southern Brazil, 2009-2010.VariableHigh blood pressure^a^High blood pressure^b^Empty modelModel 1Model 2Model 3Empty modelModel 1Model 2Model 3OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)OR (95%CI)Fixed effects        Contextual level (census tracts, n = 83)        Area-level education (mean years of schooling)       ≥ 12 ReferenceReferenceReference ReferenceReferenceReference9-11 1.39 (1.04--1.86)^c^1.38 (1.03--1.85)^c^1.41 (1.04--1.92)^c^ 1.17 (0.85--1.60)1.21 (0.88--1.66)1.20 (0.85--1.68)≤ 8 1.67 (1.21--2.31)^c^1.67 (1.20--2.32)^c^1.76 (1.23--2.51)^c^ 1.37 (0.97--1.97)1.45 (1.02--2.08)^c^1.42 (0.95--2.12)Age (years)        60-69  ReferenceReference  ReferenceReference≥ 70  1.06 (0.87--1.31)1.09 (0.88--1.35)  1.86 (1.44--2.40)^c^1.86 (1.43--2.41)^c^Gender        Male  ReferenceReference  ReferenceReferenceFemale  0.72 (0.58--0.90)^c^0.75 (0.60--0.94)^c^  0.69 (0.53--0.90)^c^0.71 (0.54--0.93)^c^Education (years of schooling)        ≥ 12   Reference   Reference9-11   0.84 (0.62--1.14)   0.73 (0.48--1.10)0-8   0.71 (0.49--1,01)   1.03 (0.71--1.47)Equalized household income        Higher tertile   Reference   ReferenceIntermediary tertile   1.10 (0.84--1.46)   1.07 (0.76--1.48)Lower tertile   0.93 (0.70--1.24)   0.91 (0.64--1.29)Random effects        Level-two variance (SE)0.13 (0.05)0.09 (0.05)0.10 (0.05)0.10 (0.05)0.07 (0.06)0.06 (0.05)0.06 (0.06)0.07 (0.06)ICC (%)4.012.292.973.062.141.801.802.25[^8][^9][^10][^11]

In [Table 3](#t3){ref-type="table"}, hypertension is also analyzed as the combination of use of antihypertensive medication and SBP ≥ 140 and/or DBP ≥ 90 mmHg. Using this definition of hypertension, no association between area-level education and the outcome was found. Furthermore, the analyses did not show interaction between individual and contextual socioeconomic variables.

DISCUSSION
==========

The results of this study indicate that the area-level education is an important factor associated with the mean SBP and the odds of hypertension among older people regardless of individual characteristics. In both analyses, a dose-response association was found.

These findings are consistent with other studies carried out previously in countries such as Canada[@B10] ^,^ [@B12], China[@B9], United States[@B6] ^,^ [@B14], Brazil[@B8], and France[@B21], where people living in neighborhoods with lower housing conditions had higher BP. A different result was found by Dragano et al.[@B5], with data from the Czech Republic and Germany, where no association between neighborhood-level socioeconomic status and hypertension was found.

The higher prevalence of hypertension and the higher mean of SBP in people who live in lower socioeconomic status neighborhoods may be explained by different paths. One aspect is related to the lower social cohesion, greater sense of criminal victimization, fear and more stressful situations experienced among people living in these neighborhoods[@B3] ^,^ [@B15]. Besides this potential consequence in behavior, stress may have a biological impact. Studies reported a lower rate of decline in cortisol during the day in people living in more violent neighborhoods, for example[@B4].

Other aspect is the physical structure of the neighborhood and the access to public and private facilities that are beneficial to health, such as healthy food outlets and gyms. People living in lower socioeconomic neighborhoods have higher availability of fast food outlets and less healthy food options[@B7]. Besides, it is more difficult to perform physical activity in these neighborhoods, either due to the lack of appropriate places or because of the feeling of insecurity to leave the house[@B19]. As a result, obesity and low physical activity, known risk factors for high BP, are reported to be more frequent in lower socioeconomic neighborhoods.

Pharmacological and non-pharmacological treatments are capable of improving the prognosis and the quality of life of hypertensive people[@B11], therefore the access to a good quality health service is important for the control of arterial BP. Nonetheless, inequalities have been reported in the access to the health services depending on the socioeconomic status of the neighborhoods[@B26].

In this study, although the mean SBP and hypertension defined by the clinical values of BP were associated with area-level education, no association was found when the definition of hypertension included the use of medicines. A possible explanation may be related to the different quality of information. While the clinical measure of BP was obtained using high-quality equipment and well trained professionals, the use of medicines was self-reported. Although the use of self-reported measures seems to be satisfactory[@B22], studies in Brazil[@B13] ^,^ [@B17] indicate that this type of measure should be used with caution according to age and socioeconomic status, as the prevalence of hypertension is underestimated when using these self-reported measures in this population. Another explanation may be the better control of BP levels by residents in neighborhoods with higher education, with better treatment, causing this difference when the medicines were included in the analysis. Furthermore, another reason to this difference could be a lack of power of the study to find significant associations when the difference between groups is lower.

Limitations of this study should be considered. First, the cross-sectional design does not support causal inferences. We also did not investigate the length of residence in the neighborhood, which could be important to quantify the exposure to the environmental characteristics. Furthermore, all older people living in the selected households were potential participants of the study and, consequently, individuals sharing the same behaviors and genetically related were sampled. The use of Census 2000 data, collected nine years before this study, was not considered a limitation, as the effects of neighborhood on health outcomes act in a chronic form. There is a minimum latency period between neighborhood characteristics and their effects on BP, a fact that could not be well measured when using the 2010 Census data[@B18].

However, this study presents several strengths. We analyzed a representative sample and used small -- and consequently more homogeneous -- areas of the city. The study also presented a high response rate that was similar in all the income deciles of the census tracts. Also, the outcome was measured according to international standards. Furthermore, we believe this is the first study that investigated the influence of neighborhood socioeconomic status on hypertension in Latin American older people and one of the few in the world.

Moreover, it can be noted that more robust analytical models (such as multilevel analysis) only recently (around two decades) was incorporated into epidemiological studies. Particularly in Brazil, the production of knowledge with this approach is still new and a small number of articles were published[@B8].

Considering that the prevalence of hypertension among older people has remained at high levels for the past 30 years, it is possible that interventions oriented strictly to the individual level may not have had sufficient effect on the control of this comorbidity[@B17]. In so far as the area-level education has an inverse relationship with the risk for high BP in the older participants, the results of this study may contribute to the identification of the population at risk for hypertension and planning actions to improve the quality of life of these people. Thus, to control hypertension, policy makers should consider not only the individual characteristic but the socioeconomic neighborhood context as well.
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[^3]: BP: blood pressure

[^4]: ^a^ High blood pressure: systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 mmHg.

[^5]: ^b^ High blood pressure: systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 mmHg or currently use of anti-hypertensive medications.

[^6]: BP: blood pressure; ICC: intra-class correlation

[^7]: \* p \< 0.05.

[^8]: SE: standard error; ICC: intra-class correlation

[^9]: ^a^ High blood pressure: systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 mmHg.

[^10]: ^b^ High blood pressure: systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 mmHg or currently use of anti-hypertensive medications.

[^11]: ^c^ p \< 0.05.
